The Drosophila splicing factor RBP1 participates together with TRA and TRA-2 in the regulation of alternative splicing of doublesex (dsx) pre-mRNA. It does so by recognizing RBP1 RNA target sequences in the dsx pre-mRNA. RBP1 belongs to the Ser-Arg-rich (SR) protein family of splicing factors, which have in common a N-terminal RNA recognition motif-type RNA binding domain, a Gly-rich region, and a C-terminal SR domain. Using a tissue culture transfection assay, we demonstrate that the Gly residues within the Gly-rich domain, the ribonucleoprotein motifs within the RNA recognition motif RNA binding domain, and the SR domain are required for regulation of dsx splicing by RBP1 in vivo. Furthermore, using a two-hybrid system, we show protein-protein interactions between RBP1 and itself and between RBP1 and TRA-2. The SR domain and the Gly residues within the Gly-rich domain of RBP1 were found to be involved in these protein-protein interactions. Our results suggest that RBP1 and TRA-2 function in regulation of dsx splicing by forming a complex.
Regulation of alternative pre-mRNA splicing involves both trans-acting protein factors and cis-acting sequence elements. Among the few trans-acting factors identified so far are the Ser-Arg-rich (SR) proteins, a family of splicing factors, several of which are conserved from Drosophila to humans. The SR protein family contains at least six evolutionary conserved members (1) , which are known as SRp20 [RBP1 in Drosophila (2) , X16 in mice (3)], SRp30a [ASF͞SF2 in humans (4, 5) ], SRp30b [SC35 in humans (6, 7) ], SRp40 (8, 9) , SRp55 [B52 in Drosophila (10, 11) ], and SRp75 (12) . Several additional SR proteins have been described recently (9, 13) . SR proteins have been shown to regulate various splicing decisions both in vitro and in vivo. These include splicing of Drosophila doublesex (dsx) pre-mRNA (14, 15) , simian virus 40 early pre-mRNA (16) , adenovirus E1A pre-mRNA (2), troponin T pre-mRNA (17) , and thalassemic human ␤-globin pre-mRNA (18, 19) . In addition to involvement in alternative splicing, SR proteins can also function as general splicing factors in vitro (4, 20) .
A common feature of the SR proteins is their domain structure. The SR proteins, including RBP1, share a Nterminal RNA recognition motif (RRM)-type RNA binding domain, a Gly-rich region, and a C-terminal SR domain (1) . In vitro, the RRM domain, which is also found in numerous other RNA binding proteins, is required for binding of ASF͞SF2 to RNA (35, 39) . SR domains, which are highly phosphorylated, have been reported to be involved in protein-protein interactions (23) and in the intranuclear localization of Drosophila SU(W A ) and TRA proteins to nuclear speckles, regions of the nucleus enriched in splicing factors (24) . The function of the Gly-rich region is unknown.
The identification of the functional domains in SR proteins necessary for the regulation of alternative splicing can help to understand which molecular interactions are required in splicing regulation. Both binding of SR proteins to their target pre-mRNAs and protein-protein interactions of SR proteins with both regulatory and general splicing factors are expected to be important in determining splice site choices. These ideas are supported by (i) the finding that RNA target sequences selected by the SR proteins RBP1, ASF͞SF2, and SC35 in vitro are present in the proximity of regulated splice sites and are required for splicing regulation by these SR proteins (15, 25) and (ii) by evidence that SR proteins can form homooligomeric and heterooligomeric complexes and can interact with other splicing factors like TRA, TRA-2, and U1-70K (21, 23) . Consequently, both the RRM domains and SR domains of SR proteins could be essential for regulation of alternative splicing. To date, the domains of SR proteins that are required for regulation of alternative splicing in vivo are unknown.
To address the question of functional domains in splicing regulators in vivo, we have employed regulation of alternative splicing of the Drosophila dsx pre-mRNA by the Drosophila SR protein RBP1 as an experimental system. The dsx gene plays an important role in Drosophila sex determination by expressing male-specific and female-specific DSX proteins that regulate sexual differentiation (22) . The dsx expression pattern is regulated at the level of sex-specific alternative splicing, leading to the incorporation of a female-specific exon into the dsx mRNA in females. In males, the female exon is spliced out and male-specific exons are incorporated instead. Regulation of these splicing decisions occurs at the female-specific 3Ј splice site, which is selectively activated in females (26) (27) (28) . RBP1 has been shown to participate in the activation of the femalespecific 3Ј splice site in vivo by binding to RBP1 RNA target sequences located in the proximity of the female-specific 3Ј splice site. In Drosophila tissue culture cells, overexpression of RBP1 activates female-specific dsx splicing, and mutations within the RBP1 target sequences inhibit activation by RBP1 (15) . Activation of the female-specific 3Ј splice site also involves the factors TRA and TRA-2 in Drosophila (26) (27) (28) . dsx repeat elements recognized by TRA and TRA-2 are found close to or overlap with RBP1 RNA target sequences within the dsx repeat region (15) , and in the presence of TRA and TRA-2 the RBP1 protein can be cross-linked to dsx repeat elements (29) . These observations raise the question whether RBP1, TRA, and TRA-2 function by forming a complex.
The RBP1 tissue culture system (15) is well suited to study structural elements of an SR protein essential for the regulation of alternative splicing in vivo. Here, we present an in vivo analysis of the regions of RBP1 required for the regulation of dsx alternative splicing. Testing of RBP1 variants in the transfection assay allowed us to identified elements essential for splicing regulation within the RRM domain, the Gly-rich region, and the SR domain of RBP1. We show that, on the molecular level, the SR domain and elements within the Gly-rich region affect protein-protein interactions of RBP1 with TRA-2 and with RBP1 in the two-hybrid system. prey, respectively. The rbp1, tra (31) , and tra-2 (32, 33) bait constructs were generated by inserting cDNA fragments generated by PCR into the EcoRI site of pEG 202. PCR was performed using Pfu polymerase (Stratagene) and PCR products were sequenced. The following PCR primer pairs were used: RBP1, 5Ј-GGGAATTCCCGCGATATAGGGAGT-3Ј and M13-20 primer (5Ј-GTAAAACGACGGCCAGT-3Ј); tra, 5Ј-GGGAATTCATGAAAATGGATGCCGACAG-3Ј and 5Ј-TAGGATCCGAATGGAGTATGTTCAATATGG-3Ј; tra-2, 5Ј-GGGAATTCATGGATAGGGAGCCACTC-3Ј and 5Ј-TAGAATTCTTAATAGCGCGATGAAGTTCG-3Ј. The bicoid bait construct pRFHM-1 is as described (30) . The RBP1 prey constructs were generated by inserting cDNA fragments generated by PCR into the EcoRI site of pJG4-5. RBP1 PCR fragments were generated using the primer pair described for the RBP1 bait construct. All other plasmids are as described (15, 28) .
Transfection and RNase Protection Experiments. Transfections into SL2 cells and RNase protection experiments were done as described previously (15, 28) . pAct expression constructs (100 ng) were transfected. RNase protections were done using the dsx wild-type (wt) riboprobe (28) . Quantitation of RNase protection products was done by densitometry.
Two-Hybrid Experiments. Two-hybrid experiments were done using a LexA͞B42-system described in detail elsewhere (30) . We used yeast strain EGY48 and the lacZ reporter construct pSH18-34. All bait constructs were assayed for lack of background activation of both the Leu and the lacZ reporter. Expression of bait fusion proteins was confirmed by the repression assay as described (30) .
RESULTS
To define essential functional domains of RBP1 we began by testing the ability of RBP1 expression constructs carrying deletions and substitutions in the RRM domain, the Gly-rich region, and the SR domain to activate the female-specific dsx splicing pattern in tissue culture. For this purpose, RBP1 expression constructs were cotransfected together with a dsx minigene construct into Drosophila Schneider (SL2) cells as described recently (15) . Overexpression of several RBP1 protein variants was confirmed by Western analysis (data not shown). dsx splicing products were analyzed by RNase protection assay (28) using a dsx riboprobe that detects the spliced female-specific exon, spliced common exon, spliced malespecific exon, and unspliced dsx pre-mRNA (see Figs. 2 
and 3).
The SR Domain Is Essential for RBP1 Function. It was shown previously that, while translation of spliced RBP1 mRNA produces the full-length RBP1 protein, translation of unspliced RBP1 pre-mRNA gives rise to a shortened RBP1 protein lacking the C-terminal SR domain (2) . To determine the significance of the SR domain and the shortened RBP1 expression variant for splicing regulation, we tested a deletion mutant ⌬SR (Fig. 1 ) lacking the SR domain in the transfection assay. To assess the importance of the other two domains, a deletion mutant lacking the RRM domain and the Gly-rich region, ⌬RRM-Gly ( Fig. 1) was tested. As shown recently (15) , transfection of a wt RBP1 construct results in an increase of female-specific splicing product and a decrease of malespecific splicing product (Fig. 2 , lane 2) compared with the control experiment lacking a cotransfected RBP1 construct (Fig. 2, lane 1) . In contrast, both deletion constructs ⌬SR (Fig.  2 , lane 3) and ⌬ RRM-Gly (Fig. 2 , lane 4) are inactive in switching dsx splicing. A B52 (Drosophila SRp55) control construct did not activate female-specific dsx splicing (Fig. 2 , lane 11), as shown previously (15) . In vitro RNA binding experiments using wt RBP1 protein and ⌬SR RBP1 protein expressed in Escherichia coli showed that deletion of the SR domain does not inhibit binding of RBP1 to RBP1 RNA target sequences (data not shown). These results suggest that the SR domain or parts of it are necessary, but not sufficient, for splicing regulation.
A Minimal Functional RBP1 SR Domain. Since no essential sequence elements within SR domains have been described to date, we investigated the effects of deleting various segments of the SR domain of RBP1 on dsx splicing regulation in vivo. For this purpose, the RBP1 SR domain extending from amino acid residues 107 to 135 was arbitrarily subdivided into three segments, segment 1 from residues 107-114, segment 2 from residues 115-124, and segment 3 from residues 125-135 ( Fig.  1) . Fig. 2 (lanes 6-9) shows that deletions of any single segment or deletion of segments 2 and 3 combined do not abolish activation of female-specific dsx splicing by RBP1. We noticed that several residues within segment 1 are especially conserved between RBP1 and its presumed mammalian homolog, SRp20 (X16) (13) . However, no inhibition of RBP1 function was observed upon substitution of the conserved amino acids as in FIG. 1. Schematic drawings of RBP1 protein variants and summary of their activity in dsx splicing regulation. RBP1 domains are indicated by boxes and amino acid sequences are shown for the RNP motifs (RNP2 and RNP1) within the RRM, for the Gly-rich region (Gly), and for the SR domain. Amino acid positions within the SR domain are designated above each construct and amino acid substitutions are represented in italics. Construct designations are given to the left and activity of the constructs in switching dsx splicing from the male to the female pattern is indicated to the right of each construct. The dsx splicing assays were quantified by densitometry, and the intensity ratio of female to male RNase protection products (f͞m) and standard errors are given at the right margin. For the negative control experiments in lanes 1 and 11 of the construct Sub 109,111-115 (Fig. 2, lane 10) . Taken together, the above experiments suggest that the SR domain of RBP1 is required for its activation of dsx female splicing and that there must be functional redundancy within the SR domain, since this set of contiguous deletions spanning the SR domain had no effect in this assay.
To try to define a minimal functional SR domain, we proceeded by adding back single amino acid residues to the nonfunctional construct ⌬SR. As shown in Fig. 3A (lane 4) , addition of a single serine residue to the ⌬SR construct as in construct ϩ1 (Fig. 1) restores the regulatory activity of RBP1 close to the activity of wt RBP1 protein, as determined by the ratio of female to male RNase protection products (Fig. 1) . It should be noted that the Gly-rich region immediately adjacent to the SR domain also contains serine and arginine residues. To determine whether arginine residues within the Gly-rich region contribute to the activity of construct ϩ1, we substituted six of the eight arginine residues within the Gly-rich region with lysines to create construct ϩ1 R-K. Construct ϩ1 R-K was found to be inactive (Fig. 3A, lane 8) in switching dsx splicing, suggesting that arginine residues within the Gly-rich region are part of the minimal functional SR domain. The larger constructs ϩ2 and ϩ3 (Fig. 1) show a regulatory activity (Fig. 3A , lanes 5 and 6) very similar to construct ϩ1, as determined by the ratio of female to male protection products (Fig. 1) . These experiments indicate a minimal functional SR domain in RBP1 with regard to regulation of dsx splicing. To determine whether the amino acid sequence at the C terminus of these minimal functional constructs is essential, construct ϩ3 SRSR (Fig. 1) was generated. We found that construct ϩ3 SRSR does activate female-specific dsx splicing (Fig. 3A, lane  7) , suggesting that the exact sequence of serine and arginine residues is not crucial for function.
Testing the Requirement of the RRM Domain. The RRM domain in other proteins has been shown to be an RNA binding domain. Since regulation of dsx splicing by RBP1 involves RBP1 RNA target sequences located in the proximity of the regulated female-specific 3Ј splice site (15), we expected the RRM domain to be essential for RBP1 function. To test the requirement of the RRM domain, we introduced amino acid substitutions into the essential and conserved sequence motifs RNP2 and RNP1 within the RRM domain of the RBP1 expression construct. Since aromatic residues within the RNP motifs are known to crosslink to RNA (34), phenylalanines and a tyrosine in RNP2 and RNP1 were substituted with aspartic acid residues (Fig. 1) . Analogous substitutions were shown previously to inhibit crosslinking of ASF͞SF2 to RNA (35) . Overexpression of the RRM mutant protein was confirmed by Western blot analysis (not shown). As shown in Fig. 3B (lane 5) the RRM mutant is nonfunctional in the dsx splicing assay, suggesting an essential role of the RRM domain in dsx regulation by RBP1.
Determining Essential Elements Within the Gly-Rich Region. To determine whether elements within the Gly-rich region are required for dsx regulation, we generated the construct ⌬Pvu lacking parts of the Gly-rich region and the SR domain (Fig. 1) . As shown in Fig. 2 lane 5, construct ⌬Pvu shows a reduced regulatory activity compared with the wt construct (Fig. 2, lane 2) . Since a deletion of any segment within the SR domain did not abolish RBP1 function, this result would suggest that the Gly-rich region may contain essential functional elements.
The Gly-rich region, 32 aa long, is largely comprised of three amino acid residues: glycines (7 residues), serines (9 residues), and arginines (10 residues). To determine whether any one of these amino acid constituents are required for dsx regulation, we generated substitution mutants. To change the overall character of the protein as little as possible, glycines were substituted with alanines, serines with threonines, and arginines with lysines (Fig. 1) . We found that the glycine substitution mutant is nonfunctional (Fig. 3B, lane 4) whereas the serine (Fig. 3B, lane 6) and arginine (Fig. 3B, lane 3) substitutions do not affect dsx activation by RBP1. We confirmed overexpression of the glycine mutant protein in the transfected cells by Western analysis. The glycine mutant protein was found to be overexpressed to the same level as other RBP1 protein variants (data not shown). Thus, our analysis using substitution mutants confirms an essential role of the Gly-rich region and indicates that the glycine residues within this domain are crucial for RBP1 function.
A Role of RBP1 Residues Essential for dsx Regulation in Interactions of RBP1 with TRA-2 and with Itself. To determine whether the essential RBP1 domains identified in the tissue culture splicing assays are involved in protein-protein interactions between RBP1 and TRA͞TRA-2 in vivo, we examined possible interactions between RBP1, TRA, and TRA-2 using a yeast two-hybrid system. To test for interactions, we transformed constructs expressing various RBP1 proteins each fused to a B42 transcription activation domain (referred to as ''prey'') together with either wt rbp1-, tra-, tra-2-, or bicoid-LexA fusion constructs (referred to as ''bait'') into yeast cells. The two-hybrid fusion proteins used in our study include independent nuclear localization signals encoded by the expression vectors to ensure entry of the proteins into the nucleus. Transformants were grown on galactose͞5-bromo-4-chloro-3-indolyl ␤-D-galactoside (X-Gal) plates to assay for activation of a lacZ reporter gene due to interacting bait-prey fusion proteins. Assays were done in parallel on glucose͞X-Gal plates (data not shown) to confirm dependence of the signals observed on expression of the galactose inducible prey fusion proteins.
As shown in Fig. 4 , wt RBP1 can interact with wt RBP1 and with TRA-2 as indicated by the blue staining, supporting involvement of RBP1 in dsx splicing regulation in a complex with TRA-2. No interactions with TRA and BICOID were observed, confirming specificity of interaction.
Next we tested the ability of several mutant RBP1 prey constructs to interact with wt RBP1, TRA, TRA-2, and the BICOID control in the two-hybrid assay (Fig. 4) . The various RBP1 prey proteins were found to be expressed at similar levels in the yeast cells as determined by Western analysis (data FIG. 4 . Mutations in RBP1 residues essential for dsx splicing regulation affect interaction of RBP1 with RBP1 and with TRA-2 in vivo. The photograph shows interactions in the yeast two-hybrid system between bait and prey fusion proteins as detected by activation of a lacZ reporter construct in colonies grown on galactose͞X-Gal͞CM-Ura, -His, and -Trp plates. Interaction assays were done in triplicate. RBP1, tra, tra-2, and bicoid bait constructs as indicated to the left were tested for interaction with wt RBP1, Gly G-A RBP1, Sub RNP RBP1, ⌬Pvu RBP1, ⌬SR RBP1, and ϩ1 RBP1 prey constructs as indicated on top. RBP1 variants are as described in Fig. 1 . Some colonies transformed with both the wt RBP1 bait and prey constructs remained white (data not shown), probably because they fail to express the wt RBP1 bait protein.
not shown). The RRM RNA binding mutation (Sub RNP) had little effect on the protein-protein interaction as compared with the wt RBP1 prey construct, resulting in a slightly weaker interaction signal. However, deletion of the RBP1 SR domain (⌬SR) results in a loss of interaction with TRA-2 and RBP1 consistent with a recent study reporting an involvement of SR domains in protein-protein interactions (23) . Surprisingly, when testing the ⌬Pvu construct, which lacks a large part of the Gly-rich domain, we observed a stronger interaction signal by a factor of 2 with RBP1 and with TRA-2 as compared with the wt construct. Consistent with this observation, the RBP1 Gly 3 Ala mutant prey construct (Gly G-A) also showed a stronger signal by a factor of 1.6 compared with the wt RBP1 prey construct both in combination with the wt RBP1 and the TRA-2 bait constructs. The signal intensities were quantitated by scanning. No interaction was detected when testing the ϩ1 prey construct. However, since overexpression of the ϩ1 construct switches dsx splicing in the tissue culture assay, the ϩ1 protein possibly participates in weaker interactions. In summary, our analysis suggests that the SR domain and the glycine residues within the Gly-rich domain participate in interaction of RBP1 with TRA-2 and with itself.
DISCUSSION
Here we present an analysis of the functional domains of an alternative splicing factor in vivo. We demonstrate functional requirements for the RRM domain, the Gly-rich region, and the SR domain of RBP1 in dsx splicing regulation and we have identified essential amino acid residues. Moreover, we present in this study evidence for an involvement of the SR domain and of the Gly residues within the Gly-rich domain in proteinprotein interactions between RBP1 and TRA-2 and between RBP1 and itself.
We have demonstrated a requirement for the RNP motifs within the RRM type RNA binding domain for activation of female-specific dsx splicing by RBP1. This finding is consistent with earlier evidence showing that mutations within RBP1 RNA target sequences in the proximity of the female-specific 3Ј splice site cause inhibition of activation of female-specific dsx splicing by RBP1 and inhibition of binding of RBP1 to dsx pre-mRNA (15) . Taken together, these data strongly suggest that RBP1 participates in regulation of dsx splicing by binding to RBP1 RNA target sequences. In our analysis we have introduced mutations into all aromatic residues in both RNP motifs. Recently, in an in vitro study of SF2͞ASF, more limited substitutions of only two aromatic residues within the RNP1 motif clearly reduced crosslinking of SF2͞ASF to RNA, but only slightly reduced the splice site switching activity of SF2͞ASF. However, a deletion mutant of SF2͞ASF lacking the complete RRM domain lost its ability to switch the use of splice sites in vitro (35) . Thus, both conserved RNP motifs in RBP1 appear to be essential for function, which is consistent with studies showing that Tyr-13 in the RNP2 motif of the U1-A protein is involved in RNA binding (36) and that aromatic residues in both RNP motifs of U1-A are in contact with RNA (37) .
We also show that a RBP1 protein lacking the SR domain is inactive in regulation of dsx splicing. Since the ⌬SR protein binds to RBP1 RNA target sequences efficiently in vitro (data not shown), the SR domain of RBP1 does not appear to be involved in RNA-protein interactions. SR domains have been implicated in protein-protein interactions between splicing factors (23) and also in localization of proteins to nuclear speckles (24) . In the two-hybrid system, deletion of the RBP1 SR domain abolishes protein-protein interactions with TRA-2, which is known to be involved in dsx regulation in vivo (26) (27) (28) and in vitro (38) , suggesting that the inhibitory effect observed in tissue culture reflects blockage of splicing regulation. A striking result of our investigation of SR residues is the apparent absence of any requirement for a defined sequence segment involving SR residues, suggesting a sequence independent functional redundancy. This functional redundancy is best demonstrated by our finding that arginines within the Gly-rich region are only essential for RBP1 function when they are part of a shortened minimal SR domain, whereas, in a full-length RBP1 protein, their presence is not crucial. It is interesting to notice that the shortened RBP1 protein variant generated by translation of unspliced RBP1 pre-mRNA in Drosophila, because it lacks an SR domain (2) , is probably functionally different from full-length RBP1 protein in vivo. Similarly, expression variants of ASF͞SF2 lacking SR residues were also found to be inactive in splicing regulation in vitro (39) , indicating a basic functional similarity between Drosophila and human SR proteins in vitro and in vivo.
In this paper we report evidence for an essential role of the Gly-rich region shared by all known SR proteins and also found in other splicing factors like TRA-2 and U2AF. We show that a deletion extending into the Gly-rich region inhibits the regulatory function of RBP1. The glycine residues are this region's unique feature, and substitutions of the Glys by alanines were found to abolish regulation of dsx splicing by RBP1. Our study points also to an interesting structural and functional difference between RBP1 and ASF͞SF2. Whereas in RBP1 the Gly-rich region is located next to the SR domain (2) , in ASF͞SF2 it is found in the N-terminal half of the protein between the RRM domain and an additional RRM-like domain not present in RBP1 (4, 5) . In vitro, deletion of the Gly-rich region in ASF͞SF2 did not affect the ability of ASF͞SF2 to switch splicing of simian virus 40 RNA (39). Thus, the Gly-rich regions of RBP1 and ASF͞SF2 might also have different functions, or the function of the Gly-rich region is not detected in vitro. On the molecular level, we show that in RBP1, the Gly residues affect interactions of RBP1 with RBP1 and with TRA-2 in vivo in the two-hybrid assay. Both the deletion mutant ⌬Pvu and the Gly 3 Ala substitution mutant cause an increase in the interaction signal, suggesting that a specific contribution of the glycine residues and not a change in the overall protein structure caused by the mutations is being detected. Although the glycine mutant proteins were found to be expressed at levels similar to other RBP1 protein variants in the yeast two-hybrid system and in transfected Drosophila cells, a subtle effect of the glycine mutations on the expression or stability of RBP1 cannot be excluded. The glycine residues could be involved in direct interactions between RBP1 and other splicing factors, or they could be required to position the SR domain in a steric orientation, which is optimal for protein-protein interactions. It is conceivable that Gly-rich regions function as flexible hinges between protein domains. However, it should be noticed that for example U2AF 35 (40) and hnRNP A1 (41) exhibit extensive glycine stretches at their C termini. More significantly, the SR proteins RBP1, SC35, hSRp20, and 9G8 contain Gly-rich regions overlapping with SR domains known to participate in protein-protein interactions, and in our study we have shown that arginine residues within the Gly-rich region are essential for RBP1 function if they are part of a minimal SR domain. These observations support a possible involvement of the glycine residues in protein-protein interactions. Based on the stronger interaction signal obtained with the RBP1 glycine mutants, it is tempting to suggest that in RBP1 the glycine residues may modulate the binding affinity between RBP1 and interacting proteins.
Our discovery of protein-protein interactions between RBP1 and itself and between RBP1 and TRA-2 provides new insights into the mechanism of dsx splicing regulation. In a previous study we observed that RBP1 RNA target sequences occur pairwise in the polypyrimidine tract of the femalespecific 3Ј splice site and next to the repeat motifs recognized by TRA͞TRA-2 within the dsx repeat region (15) . Dimeriza-tion of RBP1 as detected in the two-hybrid system is consistent with earlier indications for cooperative binding of RBP1 to multiple RBP1 RNA target sequences and with evidence for oligomerization of RBP1 in gel-shift experiments (15) . In particular, the detection of a RBP1-RBP1 interaction in vivo supports the model that the pair of RBP1 RNA target sequences within the polypyrimidine tract of the female-specific 3Ј splice site is recognized by a RBP1 dimer. Furthermore, interaction of RBP1 with TRA-2 suggests that RBP1 and TRA-2 may also recognize pairwise combinations of RBP1 RNA target sequences and dsx repeat motifs in a cooperative manner. Cooperative binding of RBP1 and TRA͞TRA-2 to the repeat region was also suggested recently (29) . At present, we can conclude that in Drosophila, among the factors regulating dsx splicing, RBP1, TRA-2, and TRA are in close contact with the dsx repeat region and, since TRA-2 and TRA have been shown to interact (42) , they are likely to form a complex. These findings suggest that a TRA͞TRA-2-dependent complex assembled on the dsx repeat region in a HeLa in vitro system (14) may have a functional counterpart in Drosophila. However, at least some of the proteins associating with the dsx repeat region in Drosophila are likely to be significantly different from those identified in the heterologous system (29) . Interaction between RBP1 and TRA-2 may also imply that RBP1 and TRA-2 provide direct contact between the dsx repeat region recognized by RBP1, TRA and TRA-2 and the regulated female-specific 3Ј splice site recognized by RBP1. However, contact between these regulatory elements may as well involve additional factors yet to be identified.
